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Chemi luminescence 

57 [Abstract] 

[Problem] The offering of an enhancer for lucigenin 
chemiluminescence with possibilities things such as immunoassays 
and DNA probe assays at high sensitivity. 

[Solution Means] Thiourea derivatives which are shown by 

the formula 

[Chemical 1] $ 

x^NHCNHR 

X 



( m the formula, X represents a hydrogen atom or -CSNHR group and 
R represents a lower alkyl group, aryl group or aralkyl group) and 
the use of these as enhancers for lucigenin chemiluminescence and 
the performance of the detection of biological materials by 
lucigenin chemiluminescence in their presence. 



[Claims] 

[Claim 1] Thiourea derivatives which are shown by (I) 
[Chemical 1] 

I 

/^.NHCNHR 



(i) 



2 



(in the formula, X represents a hydrogen atom or -CSNHR group, R 
represents a lower alkyl group, aryl group or aralkyl group and n 

represents 1 or 2) . 

[Claim 2] A thiourea derivative of Claim 1 wherein R 

represents a methyl group or ethyl group. 

[Claim 3] Enhancers for chemi luminescence comprised of 
thiourea derivatives of Claim 1 or Claim 2 description. 

[Claim 4] Methods which are characterized by luminescence in 
the presence of thiourea derivatives of Claim 1 or Claim 2 
description for biological material detection methods for 
chemi luminescence using lucigenin. 

[Detailed Explanation of the Invention] 

[0001] 

[Technological Field Associated with the Invention] 
This invention pertains to thiourea derivatives which are used 
as enhancers for lucigenin chemi luminescence, their applications as 
enhancers for chemi luminescence and the detection of biological 
materials by chemi luminescence performed in their presence. 
[0002] 

[Prior Art] Lucigenin luminescence is widely used for the 
detection of biological materials in ones like immunoassays because 
biological materials can be detected rapidly and with high 
sensitivity. Previously, for the determination of lucigenin 
luminescence as in the following reaction formula, lucigenin. in 
the presence of alkali, reacts with hydrogen peroxide or reducing 
agents like ascorbic acid, dihydroxy acetone or glucose through 



intermediates of peroxide and luminescent N-methyl acridone, and 
this is chemiluminescence is applied by the process of reverting 
from the excited state to the ground state. 
[0003] 



(Chemical 2} 




OH 




cCo 



o- 



CH, 



•ojo 



[Key to Chemical 2] 

1 reducing compound 

2 + luminescence 

3 lucigenin 

4 dioctacin [ ? ] derivative 

5 N-methyl acridone 

(ground state) 

6 N-methyl acridone 

(excited state) 



[0004] 

[Problems to be Solved by the Invention] This invention 

detects various materials with the enhancement of lucigenin 
luminescence and, in the presence of thiourea derivatives which are 



the following novel substances, the remarkable enhancement of 
lucigenin luminescence is developed by this invention. 
[0005] 

[Means for Solving the Problems] Lucigenin luminescence 
enhancers of this invention are, as in the following Formula (I), 
[0006] 

[Chemical 3] | 

/n^NHCNHR 

r 



[0007] which represents thiourea derivatives (In the 
formula. X represents a hydrogen atom or -CSNHR GROUP. R represents 
a lower alkyl group, aryl group or aralkyl group and n represents 
1 or 2) . 

[0008] m the above-mentioned Formula (I), alkyl groups 
represented by R include methyl, ethyl or propyl and compounds with 
R being methyl or ethyl show the greatest enhancement effect. Aryl 
groups include phenyl or 2-naphthyl groups and aralkyl groups 
include benzyl. 

[0009] The thiourea derivatives of Formula (I) , as shown in 
the following reaction formula, are manufactured by reactions of 
isothiocyanate (RWCS) with cc-amino-e -caprolactam or cc-amino-5- 
valerolactam. 

[0010] 



[Chemical 4] 




[00111 Thiourea derivatives of Formula (I) of this 
invention can extremely enhance lucigenin chemi luminescence as 
compared with cases performed in the presence of H 2 0 2 or reducing 
agents . 

[0012] Luminescence enhancement when adding 1 mmol/L of 
thiourea derivative (I) to a solution of 10"M lucigenin is shown 
in Table 1. Also, the determination of luminescence intensity is 
indicated by the count during 10 seconds after standing for 15 

seconds . 

[0013] 
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[Table 1] 



H CH, 2 6672 

CSNHCH, • 2 17700 

„ v 1 172 00 



[Key to Table 1] 

1 thiourea derivatives (I) 

2 luminescence intensity 

[0014] The values for the change in luminescence with the 
passage of time by the addition of thiourea derivatives (I) differ 
greatly after the addition of thiourea derivative addition; and, 
the times with greatly differing luminescence are shortened with 
increases in the concentration of thiourea derivatives as the rate 
somewhat decreases after that. The luminescence spectra for the 
addition of thiourea derivatives, also, is the same as when there 
is no addition and is shown at W433 and 473 nm. via N-methyl 
acridone. and the luminescent enhancement effect due to the 
addition of thiourea derivatives is considered to contribute to the 
promotion of luminescent reactions. 

[0015] As shown in Figure 1, the compounds of Actual 
Example 1 showed a linear relationship between 12 x 10-»-12 x 10" 6 
when determined by the addition of dihydroxyacetone (OH*) or H 2 0 2 
as compared with the compounds of Actual Example 1 through step 



dilutions of lucigenin concentration. The coefficient of variation 
at the respective points was 6.8-2.1%. The detection limit for 
this determination was 12 fmol f,signal/noise=S/N ratio=3, n-5) . 
This value was approximately 100 times higher sensitivity than 
luminescence using H 2 0 : . 

[0016] Methods which determine lucigenin chemi luminescence 
with the addition of thiourea derivatives (I) of this invention can 
be analytical methods like immunoassays and DNA probe assays, or 
the use of direct antigens of lucigenin and ones which label DNA 
which use lucigenin as the chemi luminescence agent. 

[0017] In immunoassays, for antibodies which bond on 
microtitre plates, antigens of test subjects have antibody 
reactions and bond with avidin after the antibody with a biotin 
label for this is reacted, then, reacted with lucigenin containing 
biotin labeled liposomes. Lucigenin determination is carried out 
by lucigenin chemi luminescence methods of this invention for the 
bonded lucigenin containing biotin labeled liposomes. That is, the 
lucigenin containing liposomes are bonded by means of antigens in 
the solid phase in proportion to the antigen quantity present, thus 
the luminescence level increases according to the antigen 
concentration. The materials to be targeted include those like 
bio-synthetic IgG, hormones and vitamins, along with drugs, 
bacteria and viruses. 

[0018] DNA probes, which chemically bond with biotin at the 
5' end of oligonucleotides (20-50 bases) with complementary 
hybridization for the targeted gene, are prepared for DNA probe 



8 



assays; DNA that is determined is extracted from leukocytes in 
blood or live cells and adsorbed by microtitre plates. Then, the 
above-mentioned biotin labeled DNA probe specifically bonds through 
hybridization reactions. The DNA probe which is bonded on the 
plate, by means of avidin, is measured by the lucigenin 
chemi luminescence of this invention after reacting with the 
lucigenin containing biotin labeled liposomes. In this case, also, 
the luminescence increases along with increases of the targeted 
gene. As the targeted genes, there are ones like oncogenes, viral 
genes, bacterial genes and human genes. 
[0019] 

[Actual Examples] 
[Actual Example 1] 

Synthesis of a- ( 3-methylthioreido) -c-caprolactam 
12.8 g of DL-a-amino-e-caprolactam (0.1 mole) are dissolved in 
100 ml of methanol; then, 20 ml of methanol solution containing 8.8 
g of methyl isothiocyanate (0.12 moles) is added while stirring at 
room temperature. After 5 minutes, white precipitate began to 
deposit and this was suction filter after 15 minutes, and 
successively washed with a small amount of methanol, approximately 
50 ml of water, then a small amount of methanol. After drying, 
18.5 g of the objective white deposit was obtained and 
recrystallized from ethanol. The recovered amount was 9.54 g 
(yield 47.4%), m.p. 156~157°C, UVtf-— nm: 211 (10 . 500) , 241 
(10.100), IR:1655 cm" 1 (NHCO) . 

[0020] [Actual Example 2] 



Measurement of Dehydroepiandrosterone (DHEA) -Sulfate 
Determination of DHEA-sulfate was performed by the following 

methods by ion pair extraction methods. For the luminescent 

measurement apparatus, 

/4 

an Aroka Company [untranslatable: ruminessensuriida; probably a 
trade name: Luminescence Reader] BLR-301 was used. 100 |ll of 
lucigenin dissolved in 50 mmol/L sodium carbonate solution in a 1.5 
ml capacity microtube, and 100 |il of each of the respective 
concentrations of DHEA-sulfate was added; then, 200 |il of 1. 2- 
dichloroethane was added and stirred. Next, this was separated by 
centrifuge for 1 minute and 100 H l of the bottom layer was 
transferred to a test tube, then the solvent was [untranslatable; 
kisan; probably: dissipated] under a nitrogen gas flow. 1.5 ml of 
water was added to the residue and the residue dissolved. These 
solutions were used as controls, 10 Jil of the 10 mmol/L Actual 
example 1 Compound was added and the luminescence intensity was 
determined. 

[0021] The quantitative determination was possible for 
within 1 nmol/L to 1 mmol/L of DHEA-sulfate. The detection limit 

was 5 pmol (S/N ratio=2). 

[0022] However, the detection limit when lucigenin was 
luminesced in the presence of H 2 0 2 was 25 pmol. DHEA-sulfate could 
be determined with higher sensitivity than this by the addition of 
the compounds of Actual Example 1 of this invention. 
[0023] [Actual Example 3] 
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Immunoassay 

50 Hi of detection control samples and 100 \ll of anti-AFP 
monoclonal antibodies with biotin markers were added onto 96 vial 
microplates with anti-cc-f etoprotein (AFP) monoclonal antibody in 
solid phase and were incubated overnight. After washing, 200 ul of 
avidin and biotin labeled liposome mixture (1:1) was added and 
reacted for 30 minutes at 37°C. 

[0024] After washing, 100 Ul of 250 mmol/L Na 2 C0 3 and 10 Hi 
of the 10 mmol/L Actual Example 1 compound were added; after 15 
seconds, the luminescence was measured for 10 seconds. The AFP 
concentration in the detection control sample was calculated from 
a calibration curve made from the luminescence intensity of AFP 
standards of known concentrations. [Untranslatable: 
rnaikurorumatto; LB96P (beruto-rudo) ; probably a trade name] was 
used for determination. 

[0025] The detection limit was 0.01 ng/ml for the series 
with the addition of the Actual Example 1 compounds in the AFP 
determination series and the sensitivity was improved approximately 
100 fold as compared with the those without the addition. 
[0026] [Actual Example 4] 
DNA Probe Assay 

DNA extracted from leukocytes in blood were diluted with 100 
mmol/L phosphate buffer solution, 100 |ll was added as the detection 
control sample, and overnight physisorption was done on 96 vial 
microplates. After washing the microplates, 100 m of DNA probe of 
biotin labeled DNA probes (in this case, vitamin D receptor, 300 

11 



bp) was added and hybridization reaction was done overnight at 
65°C. After washing, 200 nl of avidin and lucigenin containing 
biotin labeled liposome solution (1:1) were added and reacted for 

30 minutes at 37 °C. 

[0027] After washing, 100 \il of 250 mmol/L Na 2 C0 3 and 10 |il 
of the 10 mmol/L Actual Example 1 compound were added and, after 15 
seconds, luminescence was measured for 10 seconds . [Untranslatable: 
maikurorumatto LB96P (beruto-rudo) ; probably a trade name] was used 

for the measurement . 

[0028] The sensitivity improved 100 fold for the detection 
of the series with the addition of the Actual Example 1 compound to 
the vitamin D receptor gene determination series compared to the 
series without the addition. 

[Simple Explanation of the Figures] 

[Figure 1] shows a working curve of luminescence enhancers for 
lucigenin chemi luminescence . 

[Explanation of the Symbols] 

(1) a- (3-methylthioureido)-e-caprolactam 

(2) dihydroxyacetone (DHA) 

(3) H 2 0 2 



12 



[Figure 1] 




[Key to Figure 1] 

[horizontal axis] lucigenin concentration (M) 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a new thiourea 
derivative useful for enhancing the luminescence 
intensity oflucigenin 

SOLUTION: This enhancer is a thiourea derivative of 
formula I [X is H or of a group of the formula CSNHR (R 
is a lower aikyl, aryi or aralkyl); (n) is 1 or 2], 
e.g. a -(3^ethytthtoureidoK^aprolactam. The compound 
of formula I is obtained by reaction of isothiocyanate 
with a-amino-e-caprolactam or a -amino-8-valerolactam 
of formula II. This compound of formula I can be used 
for the detection of biological materials by making use 
of chemiluminescence using lucigenin; materials to be 
targeted include: hormones, vitamins, drugs, bacteria, 
virus, oncogenes, viral genes, bacterial genes, and 
human genes. By using this enhancer, 
chemiluminescence level rises according to antigen 
concentration; or, chemiluminescence increases as the 
quantity of a gene to be targeted increases. 
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